In this study, we retrospectively evaluated the efficacy and safety of total body irradiation (TBI) and granulocyte colony-stimulating factor (G-CSF)-combined high-dose cytarabine as a conditioning regimen for allogeneic hematopoietic stem cell transplantation (HSCT) in patients with advanced myelodysplastic syndrome (MDS). We evaluated 22 patients with advanced MDS, including refractory anemia with excess blasts (RAEB; n ¼ 10), RAEB in transformation (n ¼ 2), acute myelogenous leukemia transformed from MDS (n ¼ 6) and chronic myelomonocytic leukemia (n ¼ 4). The conditioning regimen consisted of 12 Gy of TBI and high-dose cytarabine (3 g/m 2 ) every 12 h for 4 days, and the cytarabine was combined with continuous administration of G-CSF. The stem cell sources were bone marrow or peripheral blood stem cells from human leukocyte antigen (HLA)-identical siblings (n ¼ 12) and bone marrow from HLA serologically matched unrelated donors (n ¼ 10). Three patients experienced disease relapse, two of whom died of disease progression. Of 22 patients, 16 are currently alive and disease-free. The 5-year estimated overall survival, disease-free survival, relapse and nonrelapse mortality rates are 76.7, 72.2, 16.6 and 14.1%, respectively. These results suggest that G-CSF-combined high-dose cytarabine could be a promising component
Introduction
Allogeneic hematopoietic stem cell transplantation (HSCT) is currently the only curative therapy for myelodysplastic syndrome (MDS). However, the reported disease-free survival rates of patients undergoing allogeneic HSCT for MDS remains low, ranging between 24 and 56%. [1] [2] [3] [4] [5] [6] [7] [8] The most important cause of treatment failure is disease recurrence, which is reported to range between 23 and 48. [1] [2] [3] [4] [5] [6] [7] [8] As granulocyte colony-stimulating factor (G-CSF) has been shown to increase the susceptibility of some myeloid leukemia cells to cytarabine in vitro, [9] [10] [11] it has been used clinically in combination with cytarabine for refractory acute myelogenous leukemia (AML) or MDS. [12] [13] [14] [15] In our previous report, G-CSF was administered simultaneously with high-dose cytarabine as part of the conditioning regimen for advanced MDS based on these findings, and the 5-year overall survival rate of 14 patients was 75.5% with only one case of disease relapse. 16 The present study, which is a single institute evaluation of more patients, including HSCT recipients from alternative donors, examined the efficacy and safety of a G-CSFcombined high-dose cytarabine regimen for advanced MDS.
Patients and methods

Patients and diagnoses
The present study was a retrospective evaluation of patients with advanced MDS who underwent allogeneic HSCT at Keio University Hospital between May 1995 and September 2005 after being conditioned with total body irradiation (TBI) and G-CSF-combined high-dose cytarabine as described below. During this study period, all patients who underwent allogeneic HSCT for advanced MDS were conditioned with this regimen except for patients who underwent allogeneic HSCT from unrelated donors before June 2000. This cohort included four patients discussed in our previous report. 16 The diagnosis of MDS subtypes was based on the French-AmericanBritish classification. Advanced MDS was defined as refractory anemia with excess blasts (RAEB), RAEB in transformation (RAEB-t), AML (more than 30% blasts in the bone marrow or peripheral blood) that had evolved from a preceding phase of MDS (AML-MDS) or chronic myelomonocytic leukemia. Patients with therapy-related MDS were excluded.
Conditioning regimen TBI (12 Gy) was administered in six doses of 2 Gy each, followed by cytarabine at a dose of 3 g/m 2 , which was administered intravenously over 2 h every 12 h for four consecutive days, as previously reported. 11, 16, 17 This conditioning regimen was originally used in a pilot study for patients with AML. 11 Recombinant human G-CSF (lenograstim) was given by continuous infusion at a daily dose of 5 mg/kg, starting 12 h before the first dose of cytarabine and continuing until the last dose of cytarabine. All patients received steroid eye drops for the prophylaxis of keratoconjunctivitis owing to the cytarabine. No patients received antithymocyte globulin as part of the conditioning regimen.
HSCT procedure and supportive care Two days after the completion of cytarabine and G-CSF administration, the patients received bone marrow transplantation or peripheral blood stem cell transplantation. The types of donor and human leukocyte antigen (HLA) compatibility were HLA-A, -B or -DR identical sibling, or HLA-A, -B or -DR serologically matched unrelated donor. T-cell depletion of the graft was not performed in any of the patients. For the prophylaxis of graft-versus-host disease (GVHD), the patients received cyclosporine A (CSA: 3 mg/kg i.v.) or tacrolimus (0.03 mg/kg iv) with short-term methotrexate (15 mg/m 2 on day 1, and 10 mg/m 2 on days 3 and 6). Recipients of bone marrow from an unrelated donor received additional methotrexate (10 mg/ m 2 ) on day 11. Both acute and chronic GVHD were diagnosed and graded on the basis of the published criteria. 18, 19 Each patient was isolated in a laminar air flow room and received antibiotics and antifungal agents orally. The administration of lenograstim at a dose of 5 mg/kg was initiated 1 day after HSCT and continued until neutrophil recovery was achieved. Regimen-related toxicities were assessed and graded according to the National Cancer Institute Common Toxicity Criteria (version 2.0).
Statistical analysis
Overall survival, disease-free survival, relapse and nonrelapse mortality curves were calculated by the KaplanMeier method.
Results
Patients
The medical records of a total of 22 patients were evaluated. The patient characteristics are shown in Table 1 . Of our 22 patients, 10 were diagnosed with RAEB, two with RAEB-t, six with AML-MDS and four with CMML. The number of blasts immediately before transplantation exceeded 5% of bone marrow cells in all but three patients, and exceeded 30% in six patients. Twelve patients received stem cells from an HLA-identical sibling donor (bone marrow in nine cases, peripheral blood cells in three) and 10 patients received bone marrow from a serologically HLA-matched unrelated donor. 
Regimen-related toxicities and engraftment
Regimen-related toxicities are summarized in Table 2 . Toxicities were generally well tolerated. We experienced toxicities of grades 3-4: hepatotoxicity (n ¼ 3) including one case of fatal hepatic veno-occlusive disease (VOD), mucositis (n ¼ 3) and conjunctivitis/keratitis (n ¼ 6). Of the present 22 patients, 21 achieved neutrophil engraftment (an absolute neutrophil count exceeding 0.5 Â 10 9 /l) between days 14 and 28 after transplantation (median, day 20). The remaining patient died of hepatic VOD and could not be evaluated for engraftment.
GVHD
Grades II to IV acute GVHD developed in 14 patients (eight with HLA-identical sibling donors, six with HLAmatched unrelated donors) and chronic GVHD developed in nine of 20 evaluable patients. Acute and chronic GVHD were successfully treated with the addition of glucocorticoids to cyclosporine or tacrolimus in all patients but one, who died of extensive-type chronic GVHD involving the lungs on day 314 after transplantation.
Survival, disease-free survival and relapse At the time of writing, 17 of 22 patients are alive, and 16 patients remain disease-free between 12 and 138 months after transplantation (median, 60.6 months). Three patients suffered disease relapse on days 53 (RAEB), 518 (AML-MDS) and 373 (RAEB-t). Two of these three patients then underwent a second transplantation, but both again experienced disease relapse after the second transplantation. The causes of death included disease progression (n ¼ 2), hepatic VOD (n ¼ 1), bacterial infection (n ¼ 1) and extensive-type chronic GVHD (n ¼ 1). The 5-year estimated overall survival, disease-free survival, relapse and nonrelapse mortality rates were 76.7, 72.2, 16.0 and 14.1%, respectively ( Figure 1 ). Table 2 Regimen-related toxicities The þ indicates a censored patient.
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Discussion
With the improvement of supportive care for allogeneic HSCT, transplant-related mortality has decreased. 4, 8 However, disease relapse still remains the most important factor interfering with the success of allogeneic HSCT for MDS. The reported relapse rate after allogeneic HSCT for MDS ranges from 23 to 48%. [1] [2] [3] [4] [5] [6] [7] [8] These reported relapse rates correspond to all MDS patients, including those with refractory anemia or refractory anemia with ringed sideroblasts, and thus the relapse rate is reported to be much higher (41-67%) in patients with advanced MDS (with excessive blasts). [1] [2] [3] [4] [5] [6] [7] [8] Therefore, a reduction in post-transplant disease relapse in advanced MDS patients could directly improve transplant outcomes. G-CSF has been reported to increase the susceptibility of leukemic cells to cytarabine in vitro by recruiting quiescent leukemic cells into the cell cycle. [9] [10] [11] In this context, several reports have shown the efficacy of the combination of G-CSF with cell-cycle-specific chemotherapeutic agents such as cytarabine in refractory myeloid malignancies. [12] [13] [14] [15] In a randomized trial, it has been shown that addition of G-CSF to cytarabine-based induction chemotherapy for AML patients significantly contributes to a higher rate of disease-free survival owing to the reduced rate of relapse. 15 In an HSCT setting, we previously reported the results of 14 patients in two institutes, who underwent allogeneic HSCT from an HLA-identical sibling after being conditioned with TBI and G-CSF-combined high-dose cytarabine; in these cases, a high disease-free survival rate of 67.7% was demonstrated. 16 In the present long-term follow-up study conducted at a single institute, which included a greater number of patients with advanced MDS including patients who received grafts from unrelated donors, the 5-year disease-free survival rate was 72.2% with a relapse rate of only 16.0%. This relapse rate is somewhat lower than those reported in the studies reported by other investigators. [1] [2] [3] [4] [5] [6] [7] [8] Furthermore, non-relapse mortality rate, which could affect the survival rate, was identical to that in the other report. 20 Therefore, together with the results of our previous report, the present results strongly suggest that a conditioning regimen including G-CSF-combined high-dose cytarabine could effectively reduce disease relapse and contribute to a better survival rate in patients with advanced MDS after allogeneic HSCT.
The previously reported studies used TBI or busulfan plus cyclophosphamide as a myeloablative conditioning regimen for allogeneic HSCT from an alternative donor. [1] [2] [3] [4] [5] [6] [7] [8] In the present study, 10 patients received HSCT from a serologically HLA-matched unrelated donor, and hematopoietic engraftment was successfully achieved in these patients, suggesting that our regimen without cyclophosphamide could provide sufficient immunosuppressive effects to allow sustained engraftment even in HSCT from an unrelated donor.
We conclude that TBI with G-CSF-combined high-dose cytarabine is a promising conditioning regimen of allogeneic HSCT for patients with advanced MDS and that it does not increase regimen-related toxicities. Future randomized study is required to evaluate the efficacy of combining G-CSF with cytarabine to reduce the incidence of post-transplant disease relapse.
